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(57) ABSTRACT 

A method of aligning the bonding head of a bonder, in 
particular a die bonder, or of a pick and place machine 
comprising the steps of a) placing an alignment plate pro 
vided With tWo plane parallel surfaces on a supporting 
surface Which is set plane parallel to the bonding surface 
upon Which the semiconductor chip Will be bonded to the 
carrier material; b) calibration of a measuring device, the 
signal of Which is dependent upon the position of the 
alignment plate; c) grasping the alignment plate With the 
bonding head of the bonder and holding the alignment plate 
free at a slight distance above the measuring device; and d) 
alignment of the bonding head until the signal from the 
measuring device is equal to the signal folloWing step b). 

6 Claims, 4 Drawing Sheets 
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METHOD AND APPARATUS FOR ALIGNING 
THE BONDING HEAD OF A BONDER, IN 

PARTICULAR A DIE BONDER 

PRIORITY CLAIM 

The present application claims priority under 35 USC § 
119 based upon European application no. 971188826, ?led 
Oct. 30, 1997. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a bonder, in particular to a die 

bonder, and to a pick and place machine, and to an apparatus 
to be used in connection With such a machine Which alloWs 
a simple alignment of its bonding head. 

2. The Background Art 
A die bonder is a machine Which sticks or bonds a 

semiconductor chip onto a carrier, speci?cally a lead frame. 
In order to ensure that the subsequent Wire bonding may take 
place Without any problems, the spatial positioning of the 
bonding head of the die bonder must be adjusted such that 
the semiconductor chip bonds onto the carrier in a plane 
parallel manner Within speci?ed tolerances of approximately 
10pm. 

Pick and place machines are Well knoWn. They are used, 
for example, to bond a semiconductor chip onto another 
semiconductor chip. Such processes are knoWn as ?ip-chip 
or C4. Pick and place machines are also Widely used to place 
all sorts of electronic components on printed circuit boards. 

The object of the invention is to provide means With 
Which the bonding head of a bonder, in particular of a die 
bonder, or a pick and place machine may be aligned in a 
simple manner. 

BRIEF DESCRIPTION OF THE INVENTION 

According to a ?rst embodiment of the invention, a 
method for aligning the bonding head of a bonder, in 
particular of a die bonder, or a pick and place machine is 
provided. An alignment plate provided With tWo plane 
parallel surfaces is placed on a supporting surface Which 
extends plane parallel to the bonding surface, upon Which 
the semiconductor chip is to be bonded to the carrier 
material. A measuring device is calibrated, the signal of the 
measuring device being dependent upon the position of the 
alignment plate. The alignment plate is then taken hold of by 
the bonding head of the bonder and held above the measur 
ing device, preferably by a small distance. Then, the bonding 
head is positionally aligned until the signal from the mea 
suring device is equal to the signal after the calibration. 

In a second embodiment of the present invention, an 
apparatus for implementing the above method is provided. 
The alignment plate may have a metaliZed or ferromagnetic 
surface. 

The measuring device has at least three coils, preferably 
three or four, arranged in a plane approximately parallel to 
the supporting surface. A display may be con?gured to 
display at least the difference betWeen tWo of the signals 
supplied by the three or more coils. Preferably, the apparatus 
is designed so that, at any one time, only one of said at least 
three coils produces a signi?cant signal. The apparatus may 
be con?gured to alloW the coils to be operated in sequence, 
i.e. With time division multiplexing. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

FIG. 1 is a diagram depicting a die bonder With an 
apparatus for aligning the bonding head according to the 
present invention. 

2 
FIGS. 2A and 2B are diagrams shoWing the apparatus for 

aligning the bonding head in Which coils serve as measuring 
device in accordance With the present invention. 

FIG. 3 is a circuit diagram illustrating a circuit for 
5 operating the coils in the time division multiplex. 

FIG. 4 depicts voltage diagrams; and 
FIG. 5 is a diagram depicting the apparatus for aligning 

the bonding head, in Which an optical measuring device is 
used in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Those of ordinary skill in the art Will realiZe that the 
5 folloWing description of the present invention is illustrative 

only and not in any Way limiting. Other embodiments of the 
invention Will readily suggest themselves to such skilled 
persons. 

The invention Will noW be described With reference to a 
die bonder. FIG. 1 is a schematic diagram of the die bonder 
1 With a bonding surface 2 on Which semiconductor chips 
are bonded onto lead frames, or any other carrier material, 
one after another. The semiconductor chip may also be 
applied to the carrier material as a so-called ?ip-chip. The 
bonding of a semiconductor chip proceeds With the bonding 
head 3 of the die bonder 1 taking hold, or grasping, of the 
semiconductor chip by vacuum suction at the point provided 
for this purpose, and by placing it on the lead frame. The 
bonding head 3 has a rubber part 4 With a suction aperture 
5 so that the semiconductor chip can form a seal With the 
suction aperture 5. 
The bonding head 3 may be ?tted With rubber parts 4 of 

different siZes for use With semiconductor chips of different 
siZes. After exchange of the rubber part 4, the bonding head 
3 must be realigned. After alignment, the bonding head 3 
must bond the semiconductor chip to the carrier material 
such that no point on the edge of the surface of the 
semiconductor chip projects by more than approximately 10 
m beyond any other point on its surface. The die bonder 1 
has a supporting surface 6 Which is aligned plane-parallel to 
the bonding surface 2. Directly beloW the supporting surface 
6 and ?xedly connected thereto there is a measuring device 
7 Which delivers signals dependent upon the current position 
of an alignment plate 10 having tWo plane-parallel surfaces 
8 and 9. The signals are visually displayed by a display 11. 
The bonding head 3 may be rotated about tWo axes 
manually, by means of tWo screWs 12 and 13, or by means 
of electric drives, so that a semiconductor chip Which it has 
to position may be bonded in a plane-parallel manner to the 
bonding surface 2 Within prespeci?ed tolerances. 

The alignment of the bonding head 3 takes place in 
accordance With the folloWing steps: 

a) placing the alignment plate 10 on the supporting 
surface 6; 

b) calibrating the measuring device 7; 
c) grasping the alignment plate 10 With the rubber part 4 

of the bonding head 3 and holding the alignment plate 
10 free at a slight distance above the measuring device 
7; and 

d) positionally adjusting the bonding head 3, manually or 
automatically, until the signal from the measuring 
device 7 is equal to the signal after step b. 

After step a, the alignment plate 10 is located in a 
5 predetermined reference position plane parallel to the bond 

ing surface 2. The signals supplied by the measuring device 
7 When the alignment plate 10 is in this position are sensed 

35 
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during step b. After step c, the alignment plate 10 is in an 
inclined position de?ned by the current adjustment of the 
bonding head 3 and by the rubber part 4. During step d, the 
inclined position of the alignment plate 10 is moved toWards 
the reference position until the signals of the measuring 
device 7 indicate that the alignment plate 10 is held by the 
bonding head 3 plane parallel to the bonding surface 2. 

Calibration of the measuring device 7 is understood to be 
measuring and storing the signal or signals supplied by the 
measuring device 7 as reference signal or reference signals 
When the alignment plate 10 is in the reference position, or 
to be adjusting the measuring device 7 When the alignment 
plate 10 is in the reference position so that its signal shoWs 
a predetermined value, for example the value “0”. Step b of 
the method Will be described in more detail hereinafter using 
examples. 
A suitable material for the alignment plate 10 is, for 

example, polycarbonate, Wherein at least the surface 9, but 
preferably both surfaces 8 and 9, are metaliZed. The Weight 
of the alignment plate 10 of a feW grams is then Within the 
range covered by semiconductor chips of various siZes. 

Conventional methods of aligning the bonding head 3 
have the disadvantage that the rubber part 4 is not taken into 
account. The rubber part 4 itself is, hoWever, a source of 
unWanted inclination (tilt) since the suction aperture 5 of 
such a part cannot be manufactured and mounted on the 
bonding head 3 With the required precision. The advantage 
of the method according to the present invention is that the 
tilt of the semiconductor chip caused by the indispensable 
rubber part 3 of the bonding head 3 itself is also eliminated. 

Usual inductive range-?nding is a suitable measurement 
technique in Which the ohmic resistance and/or the induc 
tance of a coil excited by an alternating current changes 
When a metallic or ferromagnetic object is moved in its 
magnetic near ?eld. FIGS. 2A and 2B shoW in plan vieW and 
in side vieW respectively a preferred embodiment in Which 
a circuit board 14, provided With at least three coils 15, 16 
and 17, but preferably With four coils 15, 16, 17 and 18, 
serves as the measuring device 7. The coils 15, 16, 17 and 
18 are arranged in the four quadrants of a Cartesian xy 
coordinate system, symmetrically With respect to the origin. 
The circuit board 14 is arranged plane parallel at a distance 
d of approximately one millimeter from the supporting 
surface 6. The coils 15, 16, 17 and 18 are ?at coils formed 
from circuit board paths or tracks. The surface 9 of the 
alignment plate 10 facing the coils 15, 16, 17 and 18 is 
provided With a metaliZed or a ferromagnetic surface. Refer 
ring also to FIG. 3, the coils 15, 16, 17 and 18 supply 
respective signals S1 19, S2 20, S3 21, and S4 (not shoWn) 
Which depend upon the distance d of the corresponding coil 
15, 16, 17, and 18 from the alignment plate 10. The signals 
S1 19, S2 20, S3 21 and S4 (not shoWn) of the coils 15, 16, 
17, and 18 respectively should be understood already to be 
the electronically preprocessed signal. When the alignment 
plate 10 is rotated clockWise about the imaginary axis yl 
after adjustment of the bonding head 3, the signals S2 20 and 
S3 21 of the coils 16 and 17 respectively decrease, While the 
signals S1 19 and S4 (not shoWn) of the coils 15 and 18 
respectively increase. Consequently the difference signals 
S2-S1 and S3-S4 also decrease. When the alignment plate 10 
is rotated clockWise about the imaginary axis x1 after 
another adjustment of the bonding head 3, the signals S1 19 
and S2 20 decrease, While the signals S3 21 and S4 (not 
shoWn) increase. In this case the tWo difference signals 
S2-S3 and S1-S4 decrease. When the circuit board 14 is 
completely ?at and all the coils have the same characteristic 
S(Z), Where Z denotes the direction perpendicular to the xy 
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4 
plane, the tWo difference signals D1=S2—S1 and D2=S2—S3 
disappear precisely When the alignment plate 10 is held 
plane parallel to the circuit board 14. 

Since the circuit board 14 is not necessarily oriented plane 
parallel to the supporting surface 6 or the bonding surface 2 
(FIG. 1) With the required precision, due to unavoidable 
manufacturing tolerances, and since the coils 15, 16, 17 and 
18 as a rule have different respective characteristics S1(Z), 
S2(Z), S3(Z) and S4(Z), a calibration procedure has to be 
carried out at least once. In this calibration procedure, the 
alignment plate 10 is placed on the supporting surface 6 and 
then either i) the difference signals D1Ca,=S2Ca,—S1Ca, and 
D2Ca,=S2Ca,—S3Ca, are stored, or ii) the signals Slcal and 
S3Cal are balanced until they have the value of S2Cal, that is 
to say until the difference signals D1 and D2 disappear, 
(D1=0 and D2=0). 

In the case of i), the alignment of the bonding head 3 
folloWs afterWards in accordance With step d), by adjusting 
the bonding head 3, that is holding the alignment plate 10 
free, until the difference signals D1 and D2 have the 
respective values D=D1Cal and D2=D2Cal. In the case of ii), 
the alignment of the bonding head 3 is performed by 
adjusting the bonding head 3 until the difference signals D1 
and D2 disappear. For example, ?rst the circuit is operated 
by applying the oscillator signal alternately to the coils 15 
and 16 and by displaying the difference signal D1=S2—S1 so 
that the difference signal D1 can be made to disappear by 
adjusting the bonding head 3 by means of the screW 12. 
Then, the signal is applied alternately to the coils 17 and 16 
and the difference signal D2=S2—S3 is displayed so that the 
difference signal D2 can be made to disappear by adjusting 
the bonding head 3 by means of the screW 13. 
Whether a calibration procedure has to be carried out each 

time the bonding head 3 is aligned or only occasionally 
depends upon the stability of the measuring device 7 With 
respect to external in?uences such as temperature, humidity 
and so forth. 
The three coils 15, 16 and 17 are suf?cient per se for the 

alignment. For reasons of redundancy, it can be useful, 
hoWever, also to include the fourth coil 18. Since the 
adjacently arranged coils 15, 16 and 17 can in?uence one 
another, a mode of operation is preferred in Which at any 
time only one of the coils 15, 16 and 17 produces a 
signi?cant magnetic ?eld. Such a mode is for example the 
time division multiplex procedure. 

FIG. 3 shoWs a circuit for operating the coils 15, 16 and 
17 in time division multiplex. The coils 15, 16 and 17 are 
arranged in parallel paths 22—24. The circuit comprises an 
oscillator 25, a control device 26 and a difference former 27, 
the output of Which is supplied to the display 11. Each path 
22—24 has on its input side a sWitch 28 and on its output side 
a sWitch 29, Which sWitches can be actuated by the control 
device 26. The sWitch 28 is connected to the oscillator 25. 
The output of each path 22—24 is supplied to the difference 
former 27. A resistor 30 and a capacitor 31 are connected 
after the sWitch 28, Wherein the capacitor 31 is located 
parallel to the corresponding coil 15, 16 or 17. One con 
nection of the coil and of the capacitor 31 is connected to 
ground m, While the connection connected to the resistor 30 
is supplied to a detector 32 and to a subsequent sample-and 
hold module 33. The output of the sample-and-hold module 
33 forms the output of the path. Each of the sample-and-hold 
modules 33 is activated by the control device 26 for obtain 
ing and storing a neW value. For the detector 32, a peak 
amplitude detector or a synchronous detector may be used. 
The difference former 27 may be, for example, an opera 
tional ampli?er con?gured as a differential ampli?er, the 
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inverting input of the operational ampli?er being supplied 
With either the signal S1 19 or the signal S3 21, and the 
non-inverting input of the operational ampli?er being sup 
plied With the signal S2 20, so that the difference signal 
D1=S2—S1 or the difference signal D2=S2—S3 is displayed 
on the display 11 connected thereafter. 

SWitches 28 and 29 are sWitched on and off cyclically by 
the control device 26, so that at any one time only one path 
22—24 is in operation. FIG. 4 illustrates, for the case Where 
the bonding head 3 is to be aligned using the difference 
signal D1=S2—S1, the development of the folloWing volt 
ages U as a function of time t: 

a) voltage at the output of the oscillator 25, 
b) voltage folloWing the sWitch 28 of the path 22 With the 

coil Sp1 15, 
c) voltage folloWing the sWitch 28 of the path 23 With the 

coil Sp2 16, 
d) voltage at the input of the detector 32 of the path 22, 
e) voltage at the input of the detector 32 of the path 23, 
f) voltage at the output of the detector 32 of the path 22, 
g) voltage at the output of the detector 32 of the path 23, 
h) voltage at the output of the sample-and-hold module 33 

of the path 22, 
i) voltage at the output of the sample-and-hold module 33 

of the path 23, and 
voltage at the output of the difference former 27. 

The times at Which the control device 26 directs the 
sample-and-hold module 33 to obtain a neW measured value 
are also shoWn. The frequency Which the oscillator 25 
applies to the ?at coils 15—17 is betWeen approximately 1 
and 10 MHZ, and is preferably 4 MHZ. The capacitance of 
the capacitors 31 is to be matched so that the resonance 
frequency of the resonating circuit formed by the capacitor 
31 and the corresponding coils 15, 16 or 17 corresponds 
approximately to the oscillator frequency. The oscillator 
frequency is preferably chosen so that it lies in the middle of 
the rising edge of the resonance peak, Where the derivative 
of the signal from the coils 15, 16 or 17 to the oscillator 
frequency is large. The signal produced by the oscillator 25 
is advantageously a square Wave. Instead of the oscillator 25 
a microprocessor With a suitable output may also be used. 
By stepping doWn the frequency generated by the oscillator 
25, the control device 26 derives the frequency With Which 
the sWitches 28 and 29 of the three paths 22—24 are to be 
opened and closed, and With Which the sample-and-hold 
modules 33 are to be controlled. 
The components of the circuit are advantageously 

mounted directly on the underside of the circuit board 21, 
Which greatly increases tolerance to interference from eXter 
nal in?uences. 

FIG. 5 shoWs an embodiment in Which an optical system 
serves as the measuring device 7. The surface 9 of the 
alignment plate 10 is, in this case, a surface With good 
optical re?ectivity, such as a mirror surface. The optical 
system is provided With a light source 37, a semi-transparent 
mirror 38, a lens 39 and a photodetector 40. The light source 
37 and the photodetector 40 are located in the focal point f, 
or focal plane, of the lens 39. The light 41 emitted from the 
point light source 37 is incident upon the surface 9 of the 
alignment plate 10 as a plane Wave 42, because of the lens 
39, and is re?ected there and at least partially by the 
semi-transparent mirror 38 onto the photodetector 40, 
Whereupon the lens 39 focuses the re?ected parallel light 43 
back onto the photodetector 40. A tWo-dimensional array of 
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6 
photosensors is advantageously used as the photodetector 
40, for eXample a CCD (charge coupled device) or a PSD 
(photosensitive device). A normal screen 44 can be used as 
the display 11 for the display signals supplied by the 
photosensors. For calibration of the optical system in accor 
dance With point b) of the method, the position of the 
photodetectors in the yl and Z directions is changed until the 
light spot corresponding to the re?ected light beam 43 
appears in the center of the screen 44. The direction y1 is 
perpendicular to the surface of the draWing. For alignment 
according to point d) of the method, the bonding head 3 is 
adjusted until the light spot corresponding to the re?ected 
light beam 43 again appears in the center of the screen 43. 
The apparatuses described for aligning the bonding head 

3 of the die bonder 1 may be integrated in the die bonder 1 
or be provided as accessories so that eXisting die bonders 1 
can be retro?tted. In the latter case, the supporting surface 6 
must be orientated plane parallel to the bonding surface 2 
before the alignment of the bonding head may be carried out. 
It Will be appreciated that although particular embodiments 
of the invention have been described, many modi?cations/ 
additions and/or substitutions may be made Within the spirit 
and scope of the present invention. 
What is claimed is: 
1. A method for aligning a bonding head of a bonder or a 

pick and place machine, said bonding head compromising a 
noZZle having a rubber tip, Wherein the bonder or pick and 
place machine places a semiconductor chip or electronic 
component onto a bonding surface of a carrier, the method 
comprising the steps of: 

grasping an alignment plate With said rubber tip and 
holding said alignment plate free at a small distance 
above a measuring device; and 

positionally adjusting said bonding head so that said 
alignment plate is parallel to said bonding surface until 
at least one signal generated by said measuring device 
is equal to a reference signal. 

2. The method of claim 1, Wherein said alignment plate 
has a metaliZed or ferromagnetic surface, said measuring 
device has at least three coils arranged in a plane approXi 
mately parallel to said supporting surface, said coils supply 
each a signal based on the position of said alignment plate 
and said signals of said coils are used to generate said at least 
one signal of the measuring device. 

3. The method of claim 1, Wherein said alignment plate 
has an optically re?ective surface and said measuring device 
is an optical system arranged to illuminate said alignment 
plate With a beam of parallel light. 

4. The method of claim 1, further including the step of 
placing said alignment plate on a supporting surface eXtend 
ing parallel to said bonding surface and storing the signal or 
signals generated by said measuring device as reference 
signal or reference signals, respectively. 

5. The method of claim 4, Wherein said alignment plate 
has a metaliZed or ferromagnetic surface, said measuring 
device has at least three coils arranged in a plane approXi 
mately parallel to said supporting surface, said coils supply 
each a signal based on the position of said alignment plate 
and said signals of said coils are used to generate said at least 
one signal of the measuring device. 

6. The method of claim 4, Wherein said alignment plate 
has an optically re?ective surface and said measuring device 
is an optical system arranged to illuminate said alignment 
plate With a beam of parallel light. 
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